C1300(Mu␥) cells subcutaneously into the right anterior flank of BALB/c nu/nu mice (Charles River Labs, Wilmington, MA). When the tumors had grown to ϳ0.8 cm in diameter, mice were randomly assigned to different experimental groups, each containing four to nine mice. Coaguligands were prepared by mixing bispecific antibodies (150 g) and tTF (125 g) in a total volume of 2.5 ml of 0.9% NaCl and incubating at 4°C for 1 hour. Mice received intravenous injections of 0.25 ml of this mixture per 25 g of body weight (that is, 0.6 mg/kg of bispecific antibody plus 0.5 mg/kg of tTF). Other mice received equivalent doses of bispecific antibodies or tTF alone. The injections were performed over ϳ45 s into one of the tail veins, followed by 200 l of saline. In the tumor growth-inhibition experiments, the infusions were repeated 6 days later. Perpendicular tumor diameters were measured at regular intervals and tumor volumes were calculated. Differences in tumor volume were tested for statistical significance with the Mann-Whitney rank sum test for two independent samples. For histopathologic analyses, mice were anesthetized with metophane at various intervals after treatment and were exsanguinated by perfusion with heparinized saline. Tumors and normal tissues were excised and immediately fixed in 3% (v/v) formalin. Paraffin sections were cut and stained with hematoxylin and eosin or with Martius Scarlet Blue trichrome for the detection of fibrin. Animal care in all experiments was in accordance with institutional guidelines.
Geographic Distribution of Endangered Species in the United States
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Geographic distribution data for endangered species in the United States were used to locate "hot spots" of threatened biodiversity. The hot spots for different species groups rarely overlap, except where anthropogenic activities reduce natural habitat in centers of endemism. Conserving endangered plant species maximizes the incidental protection of all other species groups. The presence of endangered birds and herptiles, however, provides a more sensitive indication of overall endangered biodiversity within any region. The amount of land that needs to be managed to protect currently endangered and threatened species in the United States is a relatively small proportion of the land mass.
Previous studies have shown that, on a continental scale, the distributions of wellstudied taxa can act as surrogates or indicators for the distribution of poorly studied taxa (1) (2) (3) (4) . In contrast, studies of the distribution of "hot spots" of diversity for various taxa within the British Isles suggest that there is very little correlation between the distributions of different taxonomic groups (5, 6) . To date, however, no such analysis has been done on a continental or national scale for those species most likely to vanish in the foreseeable future, that is, endangered species. If significant correlations occur in the geographic distributions of different groups of endangered species, it may be possible to use a few well-studied groups as indicators for the purposes of delineating protected areas for other poorly known taxa. The extent to which endangered species are concentrated in hot spots of potential extinctions and the extent to which hot spots for different groups overlap will influence the strategies we adopt to avert species extinctions and the impact of those strategies on other human activities (7, 8) . If endangered species are highly concentrated, then fewer areas are likely to experience conflicts between species protection and other activities. In this study, we used a database of threatened and endangered species in the United States to examine patterns in the geographic distribution of imperiled species (9) . The database lists the counties of occurrence of all plants and animals protected under the federal Endangered Species Act in the 50 states, plus all species, subspecies, and populations proposed for protection under that statute as of August 1995 (a total of 924 species in 2858 counties). We grouped the species by state, county, and species group (amphibians, arachnids, birds, clams, crustacea, fish, insects, mammals, plants, reptiles, and snails) and then generated dis- *To whom correspondence should be addressed. E-mail: andy@eno.princeton.edu tribution maps using a geographic information system (10) . These maps were designed to identify areas with unusually large numbers of endangered species.
A sorting algorithm based on the principle of complementary subsets was used to evaluate the extent to which endangered species are clustered into hot spots (11) (12) (13) . The algorithm first selected the county with the greatest number of listed species; all species found in that county were then excluded from further consideration while the algorithm searched for the county with the greatest number of species that were not already selected. Ties for number of species were broken by assignment of top rank to the county with the smallest area (or secondarily, the county with the smallest human population). This process was continued iteratively until all listed species were included. The algorithm maximizes the number of species sampled while minimizing the area required to do so. It is clearly erroneous to assume, however, that because a particular species occurs in a county, a viable population can be maintained in that county. In this respect, our analysis underestimates the amount of land necessary to preserve species with large area requirements (such as grizzly bears, Ursus arctos horribilis). On the other hand, it is equally inaccurate to assume that the entire land area of a county is occupied by its endangered species. Thus, our analysis should not be taken as a measurement of how much land must be protected to conserve endangered species but rather as an approximate indication of the extent to which endangered species are concentrated geographically. We then subdivided the data and repeated the analysis for each species group to determine whether any particular group could be used as an overall indicator for others.
The greatest numbers of endangered species occur in Hawaii, southern California, the southeastern coastal states, and southern Appalachia (Fig. 1) . When counties are selected on the basis of complementarity, the algorithm first selects counties in these regions (Fig. 2) . The complementary ordering of counties generates accumulation curves that can be used to examine the extent to which endangered species are clustered in hot spots. The accumulation curves represent the total area required to sample all the endangered species in each taxonomic group when the counties are ranked from those with the most endangered species to those with the least (Fig. 3,  A and B) . For each group, more than 50% of endangered species are represented within 0.14 to 2.04% of the land area (14) . For endangered birds, reptiles, and mammals, the sequential selection of counties on the basis of the unique species they contain leads to a steady increase in the number of populations of each endangered species already included in the counties sampled (Fig.  3C) . The number of populations of most endangered plant and invertebrate species does not increase because many of these species are restricted to single counties. The data show that 48% of plants and 40% of arthropods are restricted to single counties. The average number of counties in which a listed plant or arthropod species is found is 3.9 and 4.4 counties, respectively. In contrast, only 36% of listed bird species are confined to single counties, whereas the average number of counties in which a listed bird is found is 62.7 (15 The utility of using any one group of endangered species as an indicator for other groups can be quantified by calculating the proportion of each other group that occurs in the subsets of counties that contain all the species in any individual group (Table  1 ). An initial examination of this table suggests that the counties that contain a complete set of endangered plant species will contain the greatest numbers of other endangered species. However, more counties are required to adequately sample endangered plants than are required for any other taxa, so we would expect this larger area to contain more species from other taxa. An area-independent index of predictive power may be obtained by comparing the number of species contained in the complementary counties for each group with the number of species that would occur if a set of counties of about the same total area were selected at random. The ratio of these two values provides an indication of how accurately the presence of endangered species in one group indicates the presence of endangered species in other groups. This index suggests that birds and then herptiles provide the best indicators for any particular area. In contrast, the presence of endangered fish or plant species provides only a weak indication that other endangered species are present in a given county.
We also examined the associations between the density of endangered species in each state, the intensity of human economic and agricultural activities, and the climate, topology, and vegetative cover of the state. We collated data on a variety of economic and topographic indicators using the annual statistical survey of the United States (16) . Although there are complex and subtle associations between the variables included in this analysis, our initial stepwise multiple-linear regression analysis reveals that the overall density of endangered species is correlated with one anthropogenic and one climatic variable (correlation coefficient r 2 ϭ 0.80, P Ͻ 0.01): the value of agricultural output and either average temperature or rainfall (17) . When the analysis was repeated for each major taxonomic group, slightly different results were obtained. In particular, agricultural activity is the key variable for plants (r 2 ϭ 0.61, P Ͻ 0.01), mammals (r 2 ϭ 0.68, P Ͻ 0.01), birds (r 2 ϭ 0.64, P Ͻ 0.01), and reptiles (r 2 ϭ 0.46, P Ͻ 0.05). Water use and human population density are also significant predictors of the density of endangered reptiles (r 2 ϭ 0.42, P Ͻ 0.01). As did previous studies of patterns of overall species richness (18) (19) (20) , we found that geographic variables significantly influence the distribution of endangered species. For example, the diversity of endangered fish increases with the mean temperature and elevation of the state (r 2 ϭ 0.27, P Ͻ 0.01). Climatic variables, such as mean temperature and rainfall, are the second or third most important independent variables Three-way ties Two-way ties Arthropods Birds Fish Herptiles Mammals Molluscs Plants Fig. 2 . Complementary set of counties that contains 50% of the listed species for each taxonomic group. The analysis identified two counties that contain large numbers of endangered species from three groups and nine counties that contain large numbers of species from two groups (Hawaii not to scale). Table 1 . Proportion of endangered species in other groups that are included in complementary county sets containing all the species in a given group. The second row gives the number of counties in the complementary set for each group; the third row gives the total area of these counties as a percentage of the U.S. land mass. The next eight rows give the total proportion of all other endangered species contained in the complementary set for any given group (columns). Power is an index of how well each species group indicates endangered species diversity in other groups; it is calculated by dividing the number of endangered species from other groups in this complementary county set by the number of such species in an equivalent area of randomly selected counties. A bootstrapping algorithm accumulated counties at random until their total area matched or just exceeded that of the complementary county set. For power a , the algorithm selected from all U.S. counties. For power b , the algorithm selected only from counties listed as containing endangered species. Because the area encompassed by the random county sets typically was greater than that of the complementary county sets, power underestimates the efficiency of each species group as an indicator for other groups. Power values are means (Ϯ SE) of 200 runs of the bootstrapping algorithm. ) . Aside from these locations, the key areas for most groups overlap only weakly, which suggests that the endangered species hot spots for one group do not necessarily correspond with those for other groups. Nevertheless, the analysis confirms previous studies that suggest birds (2, 23) , and perhaps arthropods (1), act as important indicators for the presence of other endangered species. Unfortunately, the data available for endangered plants and arthropods are considerably less complete than those for other taxa (24, 25) . Increasing efforts to obtain information on these taxa is crucial to obtain a more complete picture of the geographic distribution of endangered species in the United States.
Although there are no consistent correlations in the distributions of endangered species from different taxa, the existence of hot spots for most groups indicates that a large proportion of endangered species can be protected on a small proportion of land (26) . If conservation efforts and funds can be expanded in a few key areas, it should be possible to conserve endangered species with great efficiency. 3. (A and B) The relation between the cumulative area of land sampled and the cumulative number of listed species that are included. The sudden increases in the slopes of the curves occur when the algorithm switches to adding the next lowest integer number of species to the pool of species sampled-counties are added by picking the smallest counties that add this number of new species to the pool. (C) The average number of populations of each species in the sequentially selected counties.
